ABSTRACT: Blueberry pomace, by-product of juice production, was processed into a new food ingredient by drying and grinding and used for a new gluten-free cookies' formulation, with the aim of improving nutritional profile and antioxidant capacity. Since duration and temperature at which dough is thermally treated during baking highly influence the quality of a baked product, the objective of this work was to optimise the baking conditions in order to obtain the best technological quality of the cookies. Referring to the results obtained at 160 and 170 °C and different baking times, the following was found: the difference in baking conditions caused variation between cookies' diameters of less than 1%, more regular shape of the cookies was obtained when baking time was shorter, hardness of cookies is highly correlated with moisture content, water activity, baking loss and short/long diameter ratio values. The colour characteristics (L*, a* and b*) of cookies' top and bottom surfaces indicated that the cookies were not overbaked under the chosen baking conditions. Baking time of 14 min at 170 °C was found to be the optimal baking conditions for the blueberry pomace enriched gluten-free cookies.
INTRODUCTION
Blueberries are a rich source of anthocyanins and other antioxidant compounds, which may have health-promoting effects (Prior et al., 1998) . As blueberries have a limited shelf life, a large portion of fresh blueberries is processed into juice. The juice processing generates a large quantity of pomace which consists of skins, pulp residue, and seeds. It is usually treated as a waste product (Bener et al., 2013) . However, the pomace can be processed into a new food ingredient by simply drying and grinding it to reduce the coarse texture.
Celiac disease represents life-long intolerance to the gliadin fraction of wheat and the prolamins or rye (secalins), barley (hordeins) and possibly oats (avenin). Gluten is a protein which possesses structureforming ability that affects elastic properties of dough and contributes to the overall appearance and crumb structure of many baked products. Production of high-quality gluten-free products represents a signifycant technological challenge as the removal of gluten in gluten-free formulation represents a very demanding task which often results in low quality, poor mouth feel and low flavour products (Torbica et al., 2012) .
Consumers adhered to gluten-free diet more and more require gluten-free foods that resemble traditional ones. As a consequence, in recent years, there has been an extensive research for the development of gluten-free sweet bakery products with improved structure, mouth feel, acceptability, shelf-life and nutritional quality of the final products (Matos et al., 2014) . Not only gluten-free, cookies in general are products of relatively poor nutritional quality because they contain mainly starchy ingredients.
With an aim of improving nutritional and antioxidant capacity of gluten-free cookies by, at the same time, revalorization of blueberry juice-production by-products, the pomace, which was previously dried and ground, was used to substitute a part of the gluten-free mixture to obtain a new gluten-free formulation.
As expected, by substituting a part of a gluten-free mixture, dough properties were significantly changed and a product with different properties was obtained. It is known that the quality of cookies is highly influenced by its composition and by a number of different parameters at the production line (Walker et al., 2012) .
Baking time and temperature highly influence heat transfer and the quality of a baked product, due to complex physicchemical interactions that occur between the ingredients, leading to the difference, primarily in texture, aroma and color of the products (Shibukawa et al., 1989 ).
Referring to all above mentioned, the main objective of this work was to optimize the baking process of new blueberry pomace gluten-free cookies in order to achieve the best technological quality.
MATERIAL AND METHODS

Materials
Fresh blueberry pomace was obtained as a by-product from the juice production line at "Zdravo Organic", Selenĉa, Serbia. After drying in a dry heat sterilizer (Instrumentaria, Zagreb) at 40 ⁰C, until the water activity value (a w ) of 0.3 was reached, the pomace was ground in a laboratory mill (KnifetecTM 1095 mill, Foss, Hoganas, Sweden) and the fraction passing through the 0.80 mm sieve was used for further analysis.
Gluten-free mixture consisting of: corn starch, corn flour, potato starch, potato flour, rice flour, guar gum, baking powder and salt was obtained from "Nutri Allergy Center", Zemun, Serbia.
Vegetable fat, powdered eggs, sugar and glucose syrup were commercially available.
Cookies preparation
Gluten-free cookies in which 30% (w/w) of gluten-free mixture was substituted with dried blueberry pomace were prepared according to the recipe given in Table 1 . All ingredients were weighed together and mixed for 10 min in Farinograph mixing bowl (Brabender, Germany) tempered at 30 °C. The obtained dough was kept for 24 h at 8 °C. Thirty minutes before the processing, dough was tempered at the room temperature (20 °C). Pilot scale dough sheeter (Mignon, Italy) was used to sheet the dough to 6 mm thickness. The dough was cut into round shapes of 50 mm diameter, placed on a baking tray and baked in a laboratory oven (MIWE Gusto ® CS, Germany). Baking temperature was firstly set at 170 °C and four batches of cookies (Table 2) were obtained by changing baking time (10, 13, 14 and 16 min) . Afterwards, the baking temperature was set at 160 °C and two additional batches of cookies were obtained (at baking time 16 and 17 min). All batches were prepared using 150 g of gluten-free mixture. Two separate batches of cookies were prepared for all combinations of baking time and temperature. The obtained gluten-free cookies were cooled down at room temperature for 2 h and stored in sealed polypropylene bags until analysis.
Determination of baking quality of cookies
AACC baking quality method (AACC 10-50D, 1999) was used for determination of width (W), thickness (T), W/T ratio (cookie spread factor) and short/long ratio (S/L). Six cookies from each batch were measured giving a total of 12 measurements for each combination of baking time and temperature. In order to describe the deviation from the ideally round shape, long and short diameter were measured and their ratio was calculated. These parameters were measured using digital calliper (Carl Roth, Germany).
Colour evaluation of cookies
Colour measurements of cookies' top and bottom surfaces were carried out 24 h after baking. These measurements were performed on 12 cookies for each combination of baking conditions using a Minolta Chroma Meter CR-400 (Sensing Inc., Japan) colorimeter. The obtained results were expressed in terms of L* (lightness), a*(redness/greenness) and b* (yellowness/blueness) values.
Textural characteristics of cookies
Textural analysis of the cookies was conducted using a TA.XTPlus Texture Analyzer (Stable Micro Systems, England, UK), equipped with a 3-point bending rig (HDP/3PB), and a 30 kg load cell. Texture analyzer settings were: mode -measure force in compression; pre-test speed -1.0 mm/s; test speed -3.0 mm/s; post-test speed -10.0 mm/s; distance -5.0 mm; trigger force -50 g. Textural properties were determined 24 h after baking and the obtained results were expressed as the hardness value.
Water activity and moisture determination
Prior to water activity (a w ) and moisture determination, cookies were ground and sieved to 0.8 mm particle size using laboratory mill (KnifetecTM 1095 mill, Foss, Hoganas, Sweden).
Water activity was determined using Testo 650 measuring instrument with a pressuretight precision humidity probe (Testo AG, USA). Each result presents the average value of 3 measurements. Moisture content of cookies was determined according to AOAC (2000) method.
Baking weight loss
Baking weight loss (BWL) was determined by measuring the cookie weight before and after baking. It was calculated according to the equation: BWL (%) = (m 0 -m t )/m 0 *100 where m 0 was initial cookie weight (g); m t was the weight (g) after baking time t (min). Cookies weight (m 0 and m t ) was determined as average value of 8 independent measurements.
Sensory evaluation of cookies
In order to evaluate the quality cookies produced by different baking conditions, sensory assessment was performed. Quality ratings of cookies were performed by a team of experts from the Institute of Food Technology, Novi Sad, Serbia. Since all of them were highly familiar with this type of products and their production processes, the observed samples were evaluated in relation to their overall quality, including primary and relevant sensory attributes (appearance, texture and flavour). Experts were asked to rate and recommend the cookie of best quality using a 5-point scale from 1 = not likely to 5 = very likely. The order of presentation of the samples was randomized and the samples were coded with the random three-digit numbers. Each sample was evaluated twice and an average value was taken.
RESULTS AND DISCUSSION
Baking is a complex process which results in a series of physical, chemical and biochemical changes in the product (Sablani et al., 1998) . Physically, it is a process involving the simultaneous heat and mass transfer phenomena, and both baking time and temperature are industrially important process considerations affecting the final quality (Fahloul et al., 1994; Sablani et al., 1998) . Dimensions and moisture content changes of cookies are considered to be important parameters of cookie quality, since the large variability in these parameters may cause breakdown (cracking, checking, etc) problems (Cronin and Preis, 2000) . Typical baking temperatures for fibre enriched cookies are in the range of 160-180 ºC (depending on the type of oven) with a baking time between 7 and 16 minutes (Manley, 1998 ).
In our experiment, two temperatures (160 and 170 °C) were chosen on the basis of previous experience in baking of gluten free cookies using the experimental oven.
Baking quality results of the cookies are summarized in Table 3 . Cookies 1-4 obtained at the baking temperature of 170 °C and different baking times had diameter values which were not significantly different (p < 0.05). Similar results were obtained for the cookies produced at the baking temperature of 160 °C (cookies 5 and 6), indicating that the baking time did not affect the width of the cookies. Referring to the experiment as a whole, the difference in baking conditions caused variation between the diameters of less than 1%.
However, in regard to the S/L at the temperature of 170 °C, significant differences existed between the samples baked for 10 min and those baked for 13, 14 and 16 min, which pointed out that more oval cookies (higher S/L value) were obtained when baking time was shorter. The S/L values of cookies baked at 160 °C were not significantly different (p < 0.05) from those obtained at 170 °C for 16 min.
Spread factor (W/T) was significantly higher for cookies baked at 160 °C in comparison to those baked at 170 °C. Since diameter values for all cookies were similar, changes in spread factor between cookies were caused by the differences in cookies' thickness (T).
The lowest value of thickness and the highest W/T ratio was obtained for cookies baked for 17 minutes, probably due to the highest vapour and gas loss, which caused cookie spreading and deformation (the lowest S/L).
The overall quality of bakery products is dependent on chemical, biochemical, physical, rheological and structural changes (volume expansion, evaporation of water, starch gelatinization, protein denaturation, aroma compound formation) which occur during baking (Thorvaldson and Janestad, 1999), which are highly influenced by changes of moisture content as a function of process parameters (time and temperature). Therefore, another important factor that affects the quality of cookies is the moisture content (Manley, 1998) . Equilibrium moisture of cookies is usually ranged from 3 to 5% while cookies of a special type may contain up to 7% moisture (Manley, 2000) . Although the most uniform shape of cookies was obtained for the shortest baking time (10 min), these baking conditions could not be chosen as optimal since the obtained cookies had moisture content of 10.03 ± 0.04 %.
Water activity is a measure of food dryness and susceptibility of a product to microbial spoilage. The components of blueberry pomace (sugar and pectin) as well as guar gum from gluten free mixture bind the water making it less available for microbial growth (Einhorn-Stoll et al., 2012).
The results of a w and moisture content in cookies baked at different conditions indicate the significant influence of baking temperature and time on these parameters ( Table 4 ). The lowest a w value and moisture content were obtained in cookies baked for 17 minutes at 160 °C and cookies baked 16 minutes at 170 °C. These results are highly correlated with the results of cookies weight loss during baking. However, cookies obtained at the temperature of 170 °C baked for 10 min were susceptible to yeasts and moulds growth due to their high a w value. Although correlation between the total moisture content and a w of a food is often reported (as in this study) this correlation does not occur at all times (Zamora et al., 2006) .
Instrumentally measured, the hardness of cookies was expressed as a maximum force necessary to break them. When it is sensory estimated, the hardness is a force required to bite the cookie. Textural characteristics of cookies are one of the most important quality parameters governing consumers' acceptance. The highest value of this parameter was obtained in cookies characterized by the longest baking time while cookies baked 10 minutes at 170 °C had the lowest value of hardness. Textural properties of cookies baked at the following baking conditions: 13 min at 170 °C, 14 min at 170 °C and 16 min at 160 °C
were not significantly different (p < 0.05).
Hardness of cookies is highly correlated with the moisture content, a w , baking loss and S/L values (Table 5) . Apart from the baking conditions, the type and quantity of the ingredients used for the product manufacture have been known to highly influence its hardness and other textural characteristics. According to Pyler (1988) , ingredient used can be categorized by its functional role, for example shortening is a tenderizer, flour is a toughener and egg proteins help build a stable cell structure.
Significant positive correlation existed between following parameters: moisture/a w ; moisture/S/L ratio; a w /S/L ratio as well as a negative correlation between baking loss and moisture/a w . The colour characteristics (L*, a* and b*) of cookies' top surfaces were dependant on baking conditions (Table 6 ). Increase in the temperature and duration of the thermal treatment led to increase in redness (a*) and lightness (L*).
With the increase in baking time L* value increased, probably due to higher vapour loss during baking, which indicated that cookies were not over baked and that Maillard reaction and caramelization did not occur to extend to negatively influence the colour formation (Chung et al., 2014) .
Colour characteristics (L*, a* and b*) of the top and bottom surface of cookies were significantly different (p < 0.05). The bottom surface is characterized by lower L* and a* values and higher b* values. However colour evaluation of cookies during their sensory evaluation indicate that cookies' bottom surfaces were not over baked.
The mean values of overall sensory quality are shown in Fig 1. As the expert panel had a well-defined concept of cookies' quality in their evaluation, the samples were sorted into two groups (p < 0.05). Sample 4, obtained by baking at 170 °C was found to be of the best acceptability. However, regarding the fact that sample 3 had more regular shape (S/T value) and hardness, and that it was similarly scored by the panel, baking time of 14 min at 170 °C could be considered optimal for the blueberry pomace enriched gluten-free cookies in the previously mentioned type of oven.
CONCLUSIONS
Blueberry pomace, after drying and grinding can be used as an ingredient for the production of gluten-free cookies. Baking conditions, temperature and baking time were found to highly influence the properties of the final product. Baking time of 14 min at 170 °C could be considered optimal for the blueberry pomace enriched gluten-free cookies production under the given experimental conditions. 
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